Nonleptonic charmless B decays into a pseudoscalar (P ) or a vector (V ) meson accompanying a tensor (T ) meson are re-analyzed. We scrutinize the hadronic uncertainties and ambiguities of the form factors which appear in the literature. The Isgur-Scora-Grinstein-Wise updated model (ISGW2) is adopted to evaluate the relevant hadronic matrix elements. We calculate the branching ratios and CP asymmetries for various B → P (V )T decay processes. With the ISGW2 model, the branching ratios are enhanced by about an order of magnitude compared to the previous estimates. We show that the ratios B(B → V T )/B(B → P T ) for some strangeness-changing processes are very sensitive to the CKM angle γ (φ 3 ).
I. INTRODUCTION
compared to those for other two-body B decays such as B → P P, P V, or V V . This is a great advantage for our theoretical predictions. Given the factorization assumption, therefore, the hadronic uncertainties are condensed to the B → T form factors.
Based on the nonrelativistic quark model, Isgur, Scora, Grinstein and Wise (ISGW) suggested the weak transition form factors of B → X(= qd), where X is in 1(2) 1,3 S 0 , 1 3 P 2,1,0 , 1 1 P 1 states, in analyzing semileptonic B → Xℓν decays [7] . There exist a few works on two-body hadronic B decays [8] [9] [10] that involve a tensor meson T (J P = 2 + ) in the final state using the ISGW model, together with the factorization ansatz; those works considered only the tree diagram contributions.
In recent works [5, 6] , we have analyzed charmless B → P (V )T decays in the framework of both flavor SU(3) symmetry and the generalized factorization. The works included all the penguin operators in the effective Hamiltonian, and adopted the ISGW model. The main idea of the ISGW model is that the weak transition matrix elements are calculable in the nonrelativistic limit where the constituents are very heavy compared to the typical QCD scale Λ QCD . One crucial hypothesis of the model is that a smooth extrapolation to the real physical regime is acceptable. With its Gaussian predictions, however, the ISGW model underestimates the form factors at high q 2 in the semileptonic decays [11] . In the two-body hadronic decays the form factors are severely suppressed, yielding the typical branching ratios of B → P (V )T to be O(10 −8 ) ∼ O(10 −7 ) [5, 6] . The Belle Collaboration is currently searching for some B → P T modes and their (very) preliminary result indicates that the branching ratios for those modes may not be very small compared to B → P P modes [12] .
The authors of [8] first pointed out the above mentioned problem in the calculation of to t m yields a tremendous amount of enhancement in the branching ratios. As we shall see in Sec. II, the branching ratios can increase by two orders of magnitude. Though the use of t m instead of m 2 P (V ) may fit the data phenomenologically, its origin is also less justified. The advent of the heavy quark effective theory (HQET) based on a deeper understanding of the heavy quark symmetry (HQS) allowed to consolidate the foundations of a new model, upgrading ISGW into its second version (ISGW2) [11] . In this work, we update our previous analyses with the ISGW2 model for the charmless B → P (V )T decay processes [13] . New features and merits of ISGW2 are the byproducts of the HQS. For instance, the relations between form factors are respected and the weak currents in the effective theory are matched to those in full QCD via the renormalization group flow [14] . Though the HQS cannot replace the role of model calculations, it also alleviates some ambiguities in the original ISGW model, such as the absence of the relativistic corrections.
The ISGW2 modifies the form factors in a more realistic manner. Most importantly, the Gaussian factor is changed into a polynomial. The sensitivity to the kinematical point of the form factors now becomes rather moderate, and their high-q 2 behavior fits the data well [11] . The values of the form factors are not so suppressed as in ISGW. The increase in the branching ratios is significant, and the enhanced branching ratios are of order O(10 −6 ), Belle and BaBar can now check. On the other hand, the CP asymmetry and the ratios of the branching ratios of B → V T and B → P T would not be affected so much. They reduce model dependence and will check the general framework of the factorization and flavor SU (3) symmetry. In particular, it will be shown that some of the ratio B(B → V T )/B(B → P T ) are very sensitive to one of the CKM phase angles.
The paper is organized as follows. Section II parameterizes the hadronic matrix elements in the framework of generalized factorization. The ISGW2 model is adopted to evaluate the form factors. In Sec. III, the branching ratios, the CP asymmetries, and the V T /P T ratio B(B → V T )/B(B → P T ) are calculated by using ISGW2 form factors. The meanings of our numerical results are also discussed. We conclude the analysis in Sec. IV.
II. FORM FACTORS AND ISGW2
We refer to previous works [5, 6, [15] [16] [17] [18] for relevant conventions and notations. The main difficulty in theoretical predictions comes from the hadronic matrix elements. We adopt the factorization assumptions in B → P (V )T , and then use the ISGW2 model to evaluate B → T transition matrix elements. In the factorization framework, the matrix elements for B → P (V )T are parameterized as [7] 
where j µ = V µ − A µ . V µ and A µ denote a vector and an axial-vector current, respectively. satisfies the following properties [19] :
where λ is the helicity index of the tensor meson. Note that, as argued in [5] , there are no amplitudes proportional to f T × (form factor for B → P (V )) since
The coefficients h, k, b ± contain nonperturbative nature of the B → T transition. They are in general functions of the momentum transfer t ≡ (p B − p T ) 2 , and are combined to express the form factors for B → T , F B→T (t). Explicitly [5, 6, 20] ,
where
The ISGW(2) is designed to evaluate h, k, and b ± , based on the nonrelativistic quark potential. Originally, the ISGW model was introduced to see that the free-quark decay model for B → Xℓν might be deficient in the end point region where the lepton energy is near its maximum.
One important demerit of the ISGW is that it underestimates the form factors at high q 2 [11] . This deficiency is due to the Gaussian wave function, which is a direct consequence of the classical potential. Besides, the exponential factor makes it unnatural that the decay rates are very sensitive to the kinematical points where the two-body decay rate is determined. Even a small uncertainty can result in a big fluctuation of the form factors. As an illustration, we list in Table I the 
In the ISGW2 model, all the advantages of the heavy quark symmetry (HQS) are included. Though the ISGW2 still needs model calculations, the use of HQS considerably reduces the ambiguities which appeared in the original ISGW when obtaining physical form factors. The ISGW2 model changes the exponential factor of F B→T into a polynomial [11] ,
where N = 3 is a model parameter. In addition, some relativistic corrections have clear advantages in ISGW2. For example, the hyperfine splittings betweenB −B * , D −D * , which were not taken into account in the original ISGW, have a natural origin of chromomagnetic operators in HQET at order 1/m Q . As will be seen in the next section, all of the changes in ISGW2 are combined to increase the form factors.
On the other hand, the CP asymmetry
where B(B → f ) is the branching ratio for a B meson decaying into a generic final state f , and the V T /P T ratio
are both expected to be less model-dependent. The reason is that the overall factor of exponential or polynomial of the form factors in (11) as the previous ones [5, 6] .
Compared to the original ISGW results [5, 6] , the branching ratios are enhanced by about one order of magnitude. The enhancement in the branching ratio is not solely due to the change of (11). Typically,
In the ∆S = 0 case, the decay modes B + → π + (ρ + )a 0 2 , B + → π + (ρ + )f 2 , and B 0 → π + (ρ + )a − 2 have relatively large branching ratios, O(10 −6 ) ∼ O(10 −5 ). On the other hand, B(B + → π 0 (ρ 0 )a + 2 ) is much smaller than B(B + → π + (ρ + )a 0 2 ) by several ten times, depending on the input parameters. The reason of the suppression is, as argued in [5] , that in the factorization scheme the dominant contribution to the former arises from the color-suppressed tree diagram (C T ), while the dominant one to the latter arises from the color-favored tree diagram Other properties of the branching ratios discussed in [5, 6] still hold in ISGW2. For example,
Recently, it is reported that the branching ratio of B(B + → K + π + π − ) = (55.6 ± 5.8 ± 7.7) × 10 −6 was experimentally measured for the first time by Belle [12] . Two possible states for a π + π − invariant mass around 1300 MeV are suggested; f 0 (1370) and f 2 (1270).
Referring to our previous predictions [5] with the original ISGW model, they concluded that the measurements would provide evidence for a significant nonfactorizable contribution, if the peak were due to f 2 (1270). Now that the branching ratio is enhanced as
, it is more likely that π + π − is really from the resonance f 2 (1270) with smaller (but still large) nonfactorizable effects.
While the branching ratios become larger by about ten times in ISGW2 model, the CP asymmetry A CP and the ratio R V /P remain almost unchanged. The reason is that the model dependence nearly drops out, though not exactly, in the ratios.
As for the CP asymmetry, the modes
large A CP 's and B's, just as in the ISGW case. Next we consider the ratio R V /P . Some of the ratios are given in Table X . As expected in Sec. II, R ρ/π ∼ 3 irrespective of m s and γ.
This is quite a reasonable tendency because of 3-helicity states of vector mesons.
In cases where the strangeness changes (|∆S| = 1), the ratio R V /P can be about 10, QCD factors] amounts to ≈ 2.5 ∼ 4.5, while it is ≈ 0.5 ∼ 0.6 in |∆S| = 0 decay modes.
One striking feature is that the ratios
vary dramatically when (m s , γ (φ 3 )) changes from (85 MeV, 110 • ) to (100 MeV, 65 • ) for both ISGW and ISGW2. For the ratios in (16) , as seen in Table X Table X . We conclude that the ratios in (16) 
